The duration of action and vascular effects of U. +) and D( -) and racemic mepi vacaine were investigated in a double-blind study in 23 fit volunteers. Isosmolar 0.1-mJ intradermal injections of a range of concentrations of each agent from 0.011 % to 2.7%, and physiological saline were given in duplicate to at least 14 subjects. Local colour changes were observed 5-10min after injection, and analgesia to pinprick was tested at 5-min intervals thereafter until full recovery. Both isomers were vasoconstrictor at concentrations of 0.3% and less; at greater concentration the L isomer produced more vasodilatation and haemorrhagic change. The duration of action of both isomers increased with concentration between 0.05 and 0.9%, but the L isomer was significantly longer acting than the D at 0.3% and more. The log dose-duration curve could be interpreted as linear between 0.1 and 0.9% with the slope of L isomer being twice as steep as the D. The findings for racemic mepivacaine were between those of the two isomcrs. The longer duration of analgesia of L-mepivacaine was not associated with superior vasoconstrictor power.
The duration of action of a local anaesthetic is determined by the time for which an effective concentration is maintained within the axonal membranes of pain conducting neurones. Reduction in local blood flow slows the rate of removal and prolongs the action. Because of the disadvantages of adding vasoconstrictors, suitable local anaesthetics with intrinsic vasoconstrictor activity have been sought. Those developed since lignocaine possess an asymmetric carbon atom and exist as two stereoisomers, the L and D forms. The terms L and D denote the spatial configuration of the molecule, while laevo-rotatory ( -) and dextrorotatory ( + ) denote the optical activity, which does not necessarily correspond to spatial configuration and is of little importance biologically. Pairs of isomers have the same physicochemical properties and in vitro local anaesthetic potency (Akerman, Persson and Tegner, 1967; Aberg, 1972) and in clinical practice the racemic mixtures are used. However, it has been shown that the L( -) bupivacaine, L( + ) prilocaine and L( + ) mepivacaine are longer acting than the D isomers in vivo (Akerman, Persson and Tegner, 1967; Adler, Adler and Aberg, 1969; Luduena, Bogado and Tullar, 1972) . In the case of bupivacaine, intradermal studies in man have shown that only the L isomer has local vasoconstrictor activity (Aps and Reynolds, 1978) , and this may explain its longer duration of action. The L isomer of mepivacaine was shown to have greater vasoconstrictor activity than the D isomer on rat portal vein (Aberg and Wahlstrom, 1972) .
The present work investigated the local anaesthetic and vascular effects of mepivacaine and its isomers given intradermally to human volunteers. Because vasoactivity of local anaesthetics has been shown to be concentration-dependent, vasoconstriction occurring at low and vasodilatation at high concentrations (Aps and Reynolds, 1976, 1978) , a wide range of concentrations of mepivacaine has been investigated. D( -) , L( + ) and racemic mepivacaine hydrochloride were made up to 2.7% and 0.9% (weight of base/vol.) using 0.9% saline and distilled water so that the resulting solutions were isosmolar with 0.9% saline. Serial dilutions to yield the lower concentrations were made using 0.9% saline. Gas-liquid chromatography was used to check that the concentrations of racemic, D-and Lmepivacaine solutions were equal.
METHODS

Solutions
Coded sterile ampoules were made up by passing the solution through a Millipore filter, displacing air with nitrogen gas, sealing and autoclaving. A check for leaking ampoules was incorporated into the autoclaving procedure, and any leaky ampoules were discarded.
Subjects
The subjects were 23 fit adults, 13 male and 10 female, age range 19-30 yr. There were two studies involving 14 subjects each; five subjects took part in both studies. One subject was an author (J. W. F.) and the rest medical students and laboratory workers who gave informed consent.
Procedure
In the first study, the concentrations 0.1,0.3 and 0.9% of D,L and DL (racemic) mepivacaine and 0.9% saline control, were tested. Pairs, of 0.1-ml injections of each solution were given intradermally on the flexor surface of the forearms; thus 20 injections were given to each subject. Injections were spaced at 4-cm intervals. The position of each solution on the forearm varied at random between subjects and was not known to either subject or experimenter.
Between 5 and lOmin after the injection, colour change in each bleb was assessed by J. W. F. in all cases, and classified as pale, neutral or pink. From these colour changes, a vasoactivity score for the pair of blebs was calculated as follows: Haemorrhagic changes (bleeding or bruising) were noted. Ten minutes after injection, then every 5min for the first hour and every lOmin thereafter until full recovery, analgesia was tested by pricking the central area (0.3 mm diameter) of the bleb with a lancet five times while the subject looked away. The number of times a sharp sensation was felt was recorded for each bleb. The time to 50% recovery for each solution was taken as the time at which the combined sharpness score for the pair of blebs reached 5 out of 10. If this occurred between timing intervalsthe time to 50% recovery was taken as the mid-point of the interval. If the score was 9 or 10 at the first test, the time to 50% recovery was taken as zero.
Because a clear difference in vasoactivity between the isomers was not demonstrated at the concentrations tested in the first study, in the second study the same procedure was followed using 0.011,0.033,0.05,0.3 and 2.7% solutions of D-and L-mepivacaine, and 0.9% saline. Thus each subject received 22 injections.
RESULTS
Analgesic activity
At concentrations less than 0.1 % there was little or no difference between the analgesic activities of the two isomers and saline ( fig. 1 was some analgesic activity which wore off within 20 min, but no discernible difference between the isomers. At 0.3, 0.9 and 2.7% concentrations, analgesic activity of the L isomer was greater, the discrepancy between the isomers increasing with concentration. Complete analgesia (0% recovery in all subjects) occurred at 0.3% only with Lmepivacaine, and at higher concentrations lasted longer with L-than with D-mepivacaine.
Duration of action
Recovery was complete or almost so within 2 h after the injection at all concentrations. The times to 50% recovery of all solutions are shown in figure 2. These form sigmoid log dose-duration curves for both the L and D isomers. The duration of action of both isomers was very brief at concentrations up to 0.1%. At higher concentrations, Lmepivacaine was longer acting than D-mepivacaine, and this difference increased with increasing concentration, making the slope of the log dose-duration curve steeper for L-mepivacaine. The upper asymptote of the log dose-duration curve for D-mepivacaine appears to lie at about 40 min, while that for L-mepivacaine is above 70 min. The duration of action of the racemic mixture, over the range of concentrations tested, lies between the two isomers.
The central regions of the log dose-duration curves were subjected to analysis' of variance using the GLIM 3 linear modelling computer program (Baker and Nelder, 1978) which can fit multiple regression lines to the data on the principle of least squares. Linearity of the log dose-duration curves was checked by demonstrating no significant difference in residual variance from a model which allowed curvature. There was considerable inter-subject variation in 50% recovery time, and this was found to be highly significant (P<0.01, F test). Subjects appeared to respond to changes in concentration in much the same way, but differed in their susceptibility. This led to the parallel log dose-duration lines model shown in figure 3 . However, the slopes did differ between the preparations of L-, D-and racemic mepivacaine ( fig. 3D) . 
Vascular effects
Vascular effects, as judged by local colour changesj were in all cases transient, and in no case did permanent tissue damage occur. Haemorrhagic changes occurred in 16 of 28 injections of 2.7% L-mepivacaine, and in eight of 28 injections of 2.7% D-mepivacaine. Haemorrhagic changes occurred only four times after the remaining 532 injections, and were apparently unrelated to dose and subject, although all four occurred with Lmepivacaine. The probability of this occurring by chance if the four haemorrhagic changes were equally likely to have been associated with any of the 532 injections is P = 0.018.
Vasoactivity varied with concentration as shown in figure 4 . Vasodilatation was most frequent at the 2.7% concentration of L-mepivacaine. Comparing the vasoactivity scores within subjects, the vasodilator activity of L-mepivacaine was significantly greater than that of D-mepivacaine at 0.9 and 2.7% concentrations (P<0.01), Wilcoxon's test for pair differences). Both L-and D-mepivacaine showed vasoconstrictor activity which appeared to be maximal at a concentration of 0.1%, but was still significantly greater than that of saline at 0.011% (P<0.05).
No significant difference in vasoconstrictor activity was demonstrated between the L and D isomers at any of the concentrations tested individually, nor taking concentrations 0.011-0.3% as a group, although in four of the five vasoconstrictor concentrations, L-mepivacaine showed greater activity. Racemic mepivacaine produced colour changes similar to those caused by the L isomer.
DISCUSSION
The prolonged duration of action of L-compared with D-mepivacaine confirms the results of other investigations (Adler, Adler and Aberg, 1969; AbergandAdler, 1970; Aberg, 1972) . The sigmoid nature of the log dose-duration curves, the demonstration of a central linear region which varies in slope between isomers, and the existence of different asymptotes for maximal duration of action, show that there is some difference between the pharmacological activity profiles of the two isomers, rather than a general difference in potency which would have resulted in a parallel shift along the log dose axis.
It was postulated earlier that this difference lay in vascular activity, but the present results do not demonstrate a significant difference in vasoconstrictor activity which could account for the differences in duration of action. L-Mepivacaine was shown to be significantly more vasodilator than D-mepivacaine at high concentrations, but this should result in a more rapid washout, unless it is also associated with an increase in capillary permeability, local oedema and hence reduction of capillary circulation. This is known to occur with irritant concentrations of local anaesthetics (Luduena, 1969) , and the high frequency of haemorrhagic changes observed in the present study indicates that 2.7% mepivacaine may produce local irritation (Reynolds, Bryson and Nicholas, 1976) which is more common with the L isomer than with the D.
Comparing figures 2 and 4, it is evident that the occurrence of vasoconstriction does not coincide with maximum analgesic activity, but with lower concentrations. However, in the area around a high concentration, diffusion may produce the lower vasoconstrictor concentrations. This is supported by the fact that pale rings were frequently seen around the pink blebs as time went on. Where pallor (vasoconstriction) occurs at the centre of a bleb, a longer duration of action for a given drug and dose might be expected. This was tested by including the vasoactivity score as a covariate in the log dose-duration model. A small effect in the expected direction was noted, but this was not statistically significant, L-and D-mepivacaine did not differ significantly in this respect. However, there may be factors other than vasoactivity to explain the prolonged duration of action of L-mepivacaine. The rate of diffusion away from the injection site has been shown to be greater for tritiated D-than for L-mepivacaine in guineapig skin (Aberg, 1972) , a difference still being present when the effect of capillary circulation washout was eliminated by killing the guineapig just before the injection. It was suggested that the L isomer may undergo greater tissuelsinding than the D.We carried out some preliminary observations on the oral absorption of the two isomers, using the method of Beckett and Triggs (1967) . There was no obvious difference between the two isomers in their percentage absorption by the oral mucosa, over a range of isosmotic pH values from 5.4 to9.0. Thus, absorption by oral mucosa does not demonstrate the postulated differences in tissue binding, but this may be because such absorption is principally influenced by Upid solubility and pKa.
We have demonstrated a clear difference in duration of action between the isomers of mepivacaine, which conforms with the findings of Luduena, Bogado and Tullar (1972) . In the present study this difference increased with concentration, but the longer action of the L isomer was not associated with superior vasoconstrictor powers. This is surprising since, first, Aberg and Andersson (1972) showed that, in low concentration, L-mepivacaine had a contractile effect on rat portal vein while the D isomer caused relaxation. Second, there was a clear distinction between the isomers of bupivacaine when vasoactivity and duration were tested intradermally in man (Aps and Reynolds, 1978) while the distinction was less marked in the rat portal vein (Aberg and Wahlstrom, 1972) .
That both isomers of mepivacaine can produce vasoconstriction accords with the superior vasoconstrictor properties of racemic mepivacaine over other local anaesthetics at concentrations used clinically (Reynolds, 1980 Se investigo la duracion de la actividad y los efectos vasculares deL( + )yD( -)ydela mepivacaina racemica, en un estudio de doble anonimato efectuado en 23 voluntaries sanos. Se administraron por duplicado a, por lo menos, 14 sujetos, inyecciones intradermales de 0,1 ml isomolar, en una gama de concentraciones entre 0,011% a 2,7% para cada agente, asi como soluciones saUnas nsiologicas. Se observaron combios locales de color despues de los 5-10 min de la inyeccion y se comprobo la analgesia a los pequenos pinchazos a intervalos de 5 min hasta la recuperation total. A concentraciones de 0,3% e inferiores, ambos isomeros fueron vasoconstrictores; a la maTimn concentration el isomero L produjo una mayor vasodilataaon y un mayor cambio hemorragico. La duradon de la actividad de ambos isomeros aumento con la concentracion, entre 0,05 y 0,9%, pero la actividad del isomero L fue significativamente de mayor duradon que la del D a concentraciones de 3% y de valores superiores. La curva logaritmica de dosis-duraci6n podria interpretarse como lineal entre 0,1 y 0,9%, siendo la pendiente del isomero L doble que la deli). Lot resuttados para la mepivacaina racemica quedaron comprendidos entre los de los dos isomeros. La mayor duradon analgesica de la mepivacaina L no vino asociada con una potencia vasoconstrictora superior. Downloaded from https://academic.oup.com/bja/article-abstract/53/11/1211/246575 by guest on 25 November 2018
